Phenylketonuria (PKU) is the commonest inborn error of amino acid metabolism. The incidence among Caucasians is around 1 in 10 000, but there are large differences in its frequency between populations, varying from 1 in 32 000 in Sweden' to 1 in 4500 in Northern Ireland.2 PKU is frequent in the Gypsy population in Wales. In a study reported by Williams and Harper3 the incidence in this highly consanguineous group was estimated to be 1 in 40 compared to 1 in 16 000 in Wales as a whole and about one in four persons was expected to be a carrier of the mutant allele.
Because of the large number of consanguineous marriages in this population, identification of carriers of the PKU gene is important so that couples are aware of their risks of producing affected children. The biochemical procedures required to do this, however, are cumbersome, require a good deal of cooperation from the subjects, and can often be unreliable. The tests rely either on a phenylalanine load to challenge the reduced capacity for phenylalanine hydroxylation in the heterozygote or on the measurement of the steady state plasma concentration of phenylalanine and tyrosine under carefully controlled conditions. In a large, migrant family where more than 100 persons could be studied either Haplotype patterns could be defined from key family members who were homozygous for all restriction fragment length polymorphisms (RFLPs) or heterozygous at only one polymorphic site. Appropriate patterns were then assigned to one chromosome of each parent or offspring and the pattern on the second chromosome was derived from the remaining alleles of each RFLP. Numbers assigned to the haplotypes were the same as those used by Chakraborty et al.7
Results
BIOCHEMICAL DIAGNOSIS OF PKU
The three affected children studied from one branch of the family were classified as having classical PKU on the basis of blood phenylalanine concentrations greater than 1200 umoI/l at diagnosis.
RELATIONSHIP BETWEEN AFFECTED CHILDREN
The south Wales Gypsy kindred forms one large I V 2 inbred pedi ree which has been traced back five generations and consists of several hundred persons; we have obtained DNA samples from subjects spanning four generations. For the purpose of clarity we present a very condensed pedigree which highlights the interrelationship between the affected children ( fig 1) . Affected subjects and obligate heterozygotes are shown. The child V. 1 is the product of a first cousin marriage between IV. 1 and IV.2. His grandmother III.2 is a first cousin to his other grandmother III.4 who is also an aunt of another affected subject, IV.3. Affected subject IV.3 is again the product of a first cousin marriage between III.5 and III.6, her father 11I.5 being a half brother of the grandmother of the third affected subject V.2. Fig 1 shows that The deduction is slightly more complex for the father of V.1 since only the paternal grandmother is alive. In order to determine whether haplotype 4 was inherited from the grandmother or her dead husband III.1 it was necessary to haplotype this woman's other 10 children to infer the genotype of her husband. Assuming paternity is true we can infer that the grandfather's haplotype was 2V1 and therefore the PKU gene must have been inherited from the grandmother 11.2 who is haplotype 4/1. We were able to type the great grandmother I1.l of affected subject V.1. Her haplotype was 5/1 confirming that haplotype 4 together with the PKU mutation had originated in the great grandfather, who has two brothers with affected PKU descendants, each of whom had a chromosome with haplotype 4.
Discussion
The availability of a cDNA probe for the phenylalanine hydroxylase locus has made it possible to define the haplotype patterns of mutant and normal chromosomes in families in which PKU is known to occur. In several studies of PKU in different European populations,82 it has been shown that a large proportion of mutant alleles are associated with four haplotypes numbered 1 to 4. However, there are some differences between the populations in the frequency of RFLP haplotypes in linkage with the PKU allele. In Denmark, for example, most of the PKU alleles (38%) are associated with haplotype 3,8 whereas in the German population the fewest mutant alleles are associated with this haplotype.9 10 In France, mutant haplotype 1 is the most frequent, accounting for 31% of the mutant alleles."
Two specific mutations which are in linkage disequilibrium with haplotypes 2 and 3 in the Danish population have been defined, a point mutation at exon 12 occurring on haplotype 213 and a splice mutation at the intron/exon junction of exon 12 occurring on haplotype 3.14 Both mutations lead to a complete loss in enzyme activity and so patients who had any combination of mutant haplotypes 2 and 3 invariably had a more severe form of the disorder.8
This tight linkage between a mutant haplotype 3 allele and the splicing mutation also exists in the German and French populations.9 10 However, it appears that with each of the other common haplotypes more than one mutation may account for the reduction in or absence of enzyme activity. This was originally su Y ested in relation to haplotype 4 in the Danish study and was shown to be the case in relation to haplotype 2 in the French study.'1 A third mutation which occurred in association with haplotype 10 has also been determined and this was a point mutation in exon 9.15 In the south Wales Gypsy kindred, the PKU gene occurs in association with haplotype 4. All affected children have been classified as having classical PKU because of blood phenylalanine concentrations above 1200 tLmol/l and so it is likely that the specific mutation results in virtually a complete loss in enzyme activity.
In tracking the mutant chromosome through several generations, the study has highlighted in particular that a high degree of consanguinity increased the homozygous state of PKU, which has an autosomal recessive mode of inheritance. The two affected children in one branch of the family almost certainly have a double dose of the same mutation which was inherited from one common ancestor. It has been possible to track this mutation from one affected child through four generations to his great grandfather II.2 who died 22 years ago. The second PKU chromosome was probably inherited from this man's brother via the maternal grandmother. This brother is probably a carrier of the same mutation associated with haplotype 4 as he had two children (who are known carriers) by one marriage and his other daughter by a second marriage is the grandmother of the third affected child. All have haplotype 4 on at least one chromosome. A third brother of generation II probably carried this same mutation as he is also the grandfather of an affected girl, IV.3. These three men probably inherited the mutant allele from their mother, a non-Gypsy woman who had two marriages with Gypsies. In another extensive branch of the family there are four more children who have PKU3 and they are all the descendants of her second union with a Gypsy man.
While dietary treatment and population screening for PKU have greatly reduced the morbidity previously associated with this disorder, accurate knowledge of carrier status is still of importance to family members, particularly where the gene is at high frequency as in this population. The problems encountered with mobility and lack of dietary compliance, as well as the unacceptability of prenatal diagnosis, are additional factors in the Welsh Gypsy population. This makes it important to establish which branches of the kindred are at risk of having an affected child.
Work is currently in progress to analyse the molecular defect in more detail. While we have no evidence that a specific PKU mutation is unique to the Welsh or other Gypsy populations, availability of a specific test would be helpful for family members in whom DNA polymorphisms are uninformative or where the family structure is incomplete.
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